Forests play an important role in acting as a carbon sink of terrestrial ecosystem. Although global forests have huge carbon carrying capacity (CCC) and carbon sequestration potential (CSP), there were few quantification reports on Chinese forests. We collected and compiled a forest biomass dataset of China, a total of 5841 sites, based on forest inventory and literature search results. From the dataset we extracted 338 sites with forests aged over 80 years, a threshold for defining mature forest, to establish the mature forest biomass dataset. After analyzing the spatial pattern of the carbon density of Chinese mature forests and its controlling factors, we used carbon density of mature forests as the reference level, and conservatively estimated the CCC of the forests in China by interpolation methods of Regression Kriging, Inverse Distance Weighted and Partial Thin Plate Smoothing Spline. Combining with the sixth National Forest Resources Inventory, we also estimated the forest CSP. The results revealed positive relationships between carbon density of mature forests and temperature, precipitation and stand age, and the horizontal and elevational patterns of carbon density of mature forests can be well predicted by temperature and precipitation. The total CCC and CSP of the existing forests are 19.87 and 13.86 Pg C, respectively. Subtropical forests would have more CCC and CSP than other biomes. Consequently, relying on forests to uptake carbon by decreasing disturbance on forests would be an alternative approach for mitigating greenhouse gas concentration effects besides afforestation and reforestation.
potential increase in forest area through afforestation and reforestation is 90 Mhm 2 [5] , and the area of young and middle age-group forests accounts for 67% of the total forested area [6] . Therefore, Chinese forests will also have a large CSP.
To assess the forest CSP, we need to calculate carbon density of the existing forests and then compare that to the reference level of forest carbon density in the future. Based on the approach used in determining the reference level, the methods of assessing the CSP can be classified into four types: Long-Term Continuous Forest Inventory, Space-forTime, Comprehensive Analysis of Environmental Limiting Factors, and Scenario Analysis or Projection Program and Planning Analysis [7] . The long-Term Continuous Forest Inventory method can determine the relationship between carbon density and stand age, and this relationship can be used to predict the carbon density in the future. The Space-for-Time method uses carbon density of mature forests as the reference level of max carbon density [810] (i.e., carbon carrying capacity (CCC)). The Comprehensive Analysis of Environmental Limiting Factors method determines a stage of forest development when the carbon exchange between forests and atmosphere achieves a neutral state, which is determined by radiation, temperature and precipitation, and this method takes the carbon density of forests in this stage as CCC [11, 12] . The Scenario Analysis, on the basis of the above three methods, integrates species composition, magnitude and frequency of disturbance, human activity (e.g., afforestation and deforestation) and climate change etc. to determine the reference level of CCC and forest area [12] [13] [14] [15] .
We used the Space-for-Time to assess the CCC and CSP of forests in China. Because the Long-Term Continuous Forest Inventory method requires a longer time than the period our first and last inventories covers [16] [17] [18] , and the applicability of the Comprehensive Analysis of Environmental Limiting Factors method is limited by the amount of study sites [19, 20] and climate change [21, 22] , these two methods are inappropriate [23] . The Scenario Analysis based on the above two methods is also difficult to apply. The Space-for-Time is based on the climax theory, which hypothesizes that the exiting ecosystem under similar climate would finally reach a climax status by succession [24] . If forest development can be divided into young and mature stages, then carbon density of mature forests can be regarded as the reference level of CCC for the forests under similar climate [2, 25] . In the paper, we took carbon density of mature forests (a total of 338 sites) as the reference level, and used the interpolated climate dataset to extrapolate carbon density from a site to a regional scale before assessing CCC. We used National Forest Resources Inventory to calculate the carbon stock of existing forests and finally assessed forest CSP in China.
Materials and methods

Data
We used Forest Biomass Site data, the sixth Chinese National Forest Resources Inventory data, Chinese Climate data, Chinese Digital Elevation Model (DEM) data, Chinese Vegetation Map data, and Carbon Carrying Capacity data of Above-ground Biomass in Global Forests.
(i) The Forest Biomass Site data, totally 5841 sites located in China and the surrounding countries (Russia, Mongolia, Indonesia, Malaysia, etc.), were collected from our field work in 2006, 2007 and 2010, permanent-plots of Chinese Ecosystem Network and published papers. From the 5841 sites, 371 with forests aged 80 years or older were extracted and they were treated as Mature Forest sites of China and Surrounding Countries. The 338 of the 371 sites in China were named Mature Forests sites of China ( Figure 1 ).
The age threshold of mature forests is a long debated topic. For planted forests composed of one single species, when we only estimate their above-ground biomass, and neglect effects of succession and climate change, an age threshold value of 80100 years is conventionally assumed. For forests with complex species composition, when we evaluate the ecosystem carbon pool and consider effects of succession and climate change, the age threshold should be much higher than 100 years. Also, the age thresholds of mature forests vary with biome types [26] . In this study, we used the age threshold of 80 years. On one hand, the age threshold of mature forests is conventionally regarded as 80100 years [25, 27, 28] , and most tree species in China have reached economically mature stage at or before 80 years. The 80-year threshold can meet the requirement of conservatively assessing forest carbon sink. On the other hand, this study is constrained by data availability. Generally, data on older forests is relatively in shortage [2] .
All the forest site data were compiled from field data of one or more plots. The field data collection procedure is composed of: sampling design, plot and subplots setting up, diameter at breast height and tree height measurement, shrubs and grasses measuring and sampling, litter and dead woody debris sampling, soil bulk density and soil organic carbon measuring and sampling, indoor measurement and data analysis [10] .
Forest biomass was calculated using three methods: (a) biomass of each tree was calculated using the species specific allometric equations, then the value of each tree was summed before being converted to biomass per unit area [10] ; (b) the trunk volume of each tree was calculated using the species specific timber tables or equations, then they were converted to biomass per unit area by multiplying biomass-volume conversion and expansion, and then were summed [29] ; (c) the biomass of a sampling tree with mean diameter at breast height was calculated using the allometric equations, then they were converted to biomass per unit area by multiplying tree density [30] .
The stand ages of forest sites were mainly collected from literature search, which were determined using tree-ring counting, historical records of afforestation and radiocarbon dating. For the forests in China, the stand ages are based on the tree-ring counting and the historical records of afforestation. For our measured sites, the forest stand ages were based on the tree-ring counting [26] . Climate data of each research site was mostly obtained by literature search. For the sites without climate data, the missing part was extracted from Chinese Climate according to their geological coordinates as noted in the original papers.
(ii) The sixth National Forest Resources Inventory was conducted by the State Forestry Administration during the period of 19992003. Based on sampling theory and a total of 4.15×10 5 permanent and temporary plots, the National Forest Resources Inventory provides growing stock volume data of 48 forest types for all the provinces of China except Hong Kong, Macao and Taiwan [31] . Because the National Forest Resources Inventory is more authority than other publicly available data, it has been widely used in assessing carbon stock and carbon sink of Chinese forests [7, 32, 33] .
(iii) Chinese Climate data was provided by Chinese Ecosystem Research Network (CERN) and has information of mean annual temperature and mean annual precipitation over the period of 19802000. The dataset has a spatial resolution of 1 km and was interpolated using more than 700 meteorological stations [34, 35] .
(iv) Chinese DEM, with a spatial resolution of 30 m, was provided by library of Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences. It was generated by first being scanned from 1:250000 topographic maps, then was vectorized and georeferenced (Albers, Beijing 1954). The DEM data was used to extract altitude for those sites without elevation information. Taiwan) of China [36, 37] .
(vi) The Carbon Carrying Capacity of Above-ground Biomass in Global Forests was generated by Liu et al. [2] using three interpolation methods, including Regression Kriging, Inverse Distance Weighted, and Thin Plate Smoothing Spline, based on Above-ground Biomass of Global Forests [26] , Global Climate [38, 39] and Global Land Cover 2000 [40] . The data has a spatial resolution of 1 km [2].
Driving factor analysis of the patterns of carbon density of mature forests
We used linear regression to explore the latitudinal and longitudinal patterns of carbon density of mature forests. We chose four typical mountains to analyze the carbon density pattern along altitude. The four chosen mountains, Wuyi Mountain, Changbai Mountain, Tianshan Mountain and Hengduan Mountain represent the four regions in Southeast, Northeast, Northwest and Southwest, respectively.
We explored the driving effects on carbon density of mature forests using linear regressions. We firstly established the dependencies of carbon density on climate and stand age, and then chose the principle factors based on coefficient determination (R 2 ) and F-test (P). Finally, we used the equation to describe the carbon density of mature forests in the form of curve surface.
Assessing carbon carrying capacity and carbon sequestration potential
The Carbon Sequestration Potential (CSP) is the difference between Carbon Carrying Capacity (CCC) and Carbon Density (CD) of the present forest biomass:
CSP=CCCCD.
(1)
We calculated the forest carbon density using the method of biomass expansion factor (BEF) [32] . We obtained the coefficients of BEF from literature [33] and did some minor modification [7] :
where V is the growing volume stock for a specific type and certain age group of forests in a province from the sixth National Forest Resources Inventory; CF is the carbon factor of forest biomass and we used 0.5 in this study [23] .
We estimated the forest CCC in China using interpolation and employed carbon density of mature forests as the reference level [2] . To avoid the non-neutral results caused by data and method bias, we used two mature forest datasets (Mature Forest Biomass of China and Surrounding Coun-tries, and Above-ground Biomass of Global Mature Forests), two climate datasets (Chinese Climate and Global Climate), two forest distribution datasets (Chinese Vegetation and Global Land Cover), three interpolation methods (Regression Kriging, Inverse Distance Weighted, and Thin Plate Smoothing Spline), and proposed six assessment schemes totally. The details are as follows:
Scheme 1: based on carbon density of mature forests and climate in China, we generated an equation to fit the carbon density of mature forests against climatic factors (eq. (3)). Using this equation and Chinese Climate data, a surface trend of mature forest carbon density (C) was simulated based on its relationship with mean annual temperature (Tem) and mean annual precipitation (Pre). Then the regression residuals between the modeled surface trend and observed results were used to produce a residual surface (ε). The sum of C and ε is the predicted curve surface of CCC in China. Finally, the forest CCC was extracted from the predicted curve surface for those forest distributed areas from 1:1 M Vegetation Atlas of China.
The scheme 2 is similar to the scheme 1. The difference is that we used forest distribution data from Global Land Cover instead of Vegetation Atlas of China as used in the scheme 1.
The scheme 3 has similar steps to the scheme 1. The only difference is that the scheme 3 used the Above-ground Biomass of Global Mature Forests to establish the relationship between above-ground biomass carbon density and climate, and then obtained CCC of above-ground biomass of global forests based on Global Climate and Global Land Cover.
The scheme 4 is based on Mature Forest Biomass of China and Surrounding Countries. We used interpolation of Inverse Distance Weighted to scale up the carbon density from a site to the country, and used forest distribution data from Vegetation Atlas of China to extract the forest distributed areas. To improve the accuracies of the interpolation results, we added several forest-free sites with zero carbon density where mean annual precipitation is less than 370 mm ( Figure 1 ).
The scheme 5 uses the same data as the scheme 3. The only difference is that we used the interpolation of Thin Plate Smoothing Spline in the scheme 5 to analyze the CCC pattern of the above-ground biomass in global forests.
The scheme 6 is similar to the scheme 4, but is based on the Above-ground Biomass of Global Mature Forests and the result represents CCC of above-ground biomass in global forests.
The details of the schemes 3, 5 and 6 can be seen in Liu et al. [2] . Here, we extracted the CCC of the above-ground biomass in Chinese forests from the results of these three schemes.
Results
Horizontal patterns of carbon density of mature forests
We explored the horizontal patterns of carbon density of mature forests in China in both latitudinal and longitudinal directions. Along latitude, the carbon density mainly decreases from low-mid latitudes (2030°N) to high latitudes (50°N), similar to that of the global mature forests, with a declining rate of 5.8473 Mg C hm 2 deg 1 (Figure 2A ).
The low boundary of carbon density is close among the sites from low to high latitudes, but the upper boundary in low latitudes is much higher than that in high latitudes. In addition, there are two regions with low carbon density located in mid-latitude (38°N) and high-latitude (50°N), respectively. Along longitude, the carbon density has no obvious pattern at a national scale, but an increasing trend exists in some regions, for example, in Northeast China (120°E and east) ( Figure 2B ). 
Elevational patterns of carbon density of mature forests
The elevational patterns of carbon density of mature forests varied among the four typical mountains. Wuyi Mountain and Changbai Mountain are located in the east of China. The mature forest distributed altitude is 01300 m for the former and 8001900 m for the latter. The two mountains are located in different regions of China, but their carbon densities both decrease with increasing elevation. The carbon density declines linearly on Wuyi Mountain from 393 Mg C hm 2 near sea level to 126 Mg C hm 2 around 1300 m.
The carbon density declines gradually on Changbai Mountain from 133 to 2 Mg C hm 2 as elevation increases from 800 to 1900 m ( Figure 3 ). Tianshan Mountain and Hengduan Mountain are located in the west of China, and the forest distributed elevations of these two mountains are higher than in Wuyi and Changbai Mountain. The altitude of mature forests on Tianshan Mountain is lower and distributed range is narrower (1800-2500 m) than that on Hengduan Mountain (2500-4300 m). For mature forests on Tianshan Mountain, the carbon density declines from 279 to 75 Mg C hm 2 as elevation increases from 1800 to 2100 m, then increases to 238 Mg C hm 2 as elevation increases from 2100 to 2500 m ( Figure 3 ). For mature forests on Hengduan Mountain, the carbon density increases from 100 to 275 Mg C hm 2 as elevation increases from 2500 to 3800 m, and decreases from 275 to 80 Mg C hm 2 as elevation increases from 3800
to 4300 m ( Figure 3 ). Figure 4 shows the relationship between carbon density of mature forests and mean annual temperature and mean annual precipitation in China. Most of the mature forests are located in regions with mean annual temperature 6 to 20°C ( Figure 4A ) and mean annual precipitation 3702000 mm. This 370 mm (dashed line in Figure 4B ) is close to the value of 400 mm, which is considered as the grass-forest boundary. Figure 4 shows the positive relationships between mean carbon density and mean annual temperature and mean annual precipitation (P<0.01), and the range of carbon density increases with increasing temperature and precipitation. When mean annual temperature is 5 to 20°C, the increasing rate of carbon density is 10.15 Mg C hm 2 °C 1 ; when mean annual precipitation is 3702500 mm, the increasing rate of carbon density is 0.144 Mg C hm 2 mm 1 . The range of carbon density increases from 50 to 300 Mg C hm 2 as temperature increases from 5 to 10°C, and increases from 150 to 300 Mg C hm 2 as precipitation increases from 370 to 1700 mm. Figure 5 shows a positive relationship between carbon Figure 4 Carbon density of mature forests in relation to mean annual temperature (A) and mean annual precipitation (B). The solid lines are regressions between carbon density and climatic factors; the dashed line is the boundary of 370 mm of mean annual precipitation. In the regression equations, C is carbon density, Mg C hm 2 ; Tem is mean annual temperature, °C; Pre is mean annual precipitation, mm.
Control of temperature, precipitation and stand age on carbon density of mature forests
Figure 5
The relationship between carbon density and stand age for Chinese forests. The mean (the horizontal bold line), standard deviation (the box), minimum and maximum (the vertical thin line) carbon density of forests with every 10-year bands.
density and forest stand age. When the stand age is between 3 and 200 years, the increasing rate of carbon density is 0.65 Mg C hm 2 a 1 . However, the increasing rate follows a declining trend for forests older than 100 years. For example, for the forests with stand age of 350, 50100 and 100200 years, the increasing rates are about 1.23, 1.31 and 0.35 Mg C hm 2 a 1 , respectively. The increasing rate of carbon density is different between planted and natural forests. When the forests are 80 years or younger, the increasing rates of carbon density of planted forests are higher than that of natural forests, with values of 2.60 and 1.27 Mg C hm 2 a 1 , respectively. In addition, both planted and natural forests with the highest carbon density have the highest stand age. For example, the carbon density of a natural forest at Bomi in Tibet is 750 Mg C hm 2 and it has a stand age over 350 years; and a planted forest in Nanping, Fujian Province has a carbon density of 370 Mg C hm 2 and it is 80 years old. As Table 1 shows, using temperature, precipitation and 
Carbon carrying capacity and carbon sequestration potential of Chinese forests
Based on the data availability and the relationships between carbon density and driving factors, we chose eq. (4) as our carbon density-climate regression model, and used scheme 1 to generate the CCC in Chinese forests ( Figure 6A) , with an output of 19.9 Pg C ( Table 2) .
Based on the scheme 2, the biomass CCC in Chinese forests is 28.3 Pg C. Based on the scheme 4, the biomass CCC is 27.6 Pg C using the Inverse Distance Weighted interpolation ( Figure 6B ). The mean CCC of above-ground biomass in Chinese forests is 26.4 Pg when averaged on the results from the scheme 3, 5 and 6 ( Figure 6C ). If the ratio of the above-ground biomass to biomass (above-and blow-ground biomass) is 0.8 [26] , the biomass CCC in Chinese forests is 34.5, 35.6 and 28.8 Pg C for the scheme 3, 5 and 6, respectively, higher than the results based on the Chinese mature forests and Chinese Climate. Figure 6 shows the spatial patterns of CCC in Chinese forests. Although the six schemes based on different data and interpolation methods produced different results, the spatial patterns are similar among these schemes. The CCC has a declining trend from South to North, from East to West, and from Southeast to Northwest. Based on all statistic results of the six schemes, assuming that the existing forests would grow naturally to mature forests and taking no account of reforestation, the CCC would be between 19.9 and 27.6 Pg C. Table 3 illustrates the forest CCC in each ecological zone. Specifically, the subtropical evergreen broadleaf forests have higher CCC and total CCC than other biomes. The CCC and total CCC is 167.4 Mg C hm 2 and 13.32 Pg C, respectively. The total CCC of the subtropical evergreen broadleaf forests accounts for 67.0% of that in Chinese forests. The second is temperate needleleaf and deciduous broadleaf forests, which have a total CCC of 2.18 Pg C and account for 11.0% of that in Chinese forests. The third is tropical monsoon and rain forests, which have a total CCC of 1.56 Pg C and account for 7.9% of that in Chinese forests. The following sequentially ranked are warm temperate deciduous broadleaf forests, cold temperate needleleaf forests, temperate steppe, temperate desert, and Qinghai-Xizang (Tibetan) plateau high-cold vegetation. The forests in these five ecological zones have a total CCC of 2.81 Pg C and account for 14.1% of that in Chinese forests. Table 4 illustrates the carbon stock, CCC and CSP of Chinese forests in each region and province. At a regional scale, the carbon stock of Southwest and Northeast China (about 2.326 and 1.429 Pg C and accounting for 38.7% and 23.8% of the total, respectively) is higher than in other regions (accounting for 37.5% of the total). The CCC of South, Southeast and Central China (about 208.5, 207.0 and 160.9 Mg C hm 2 , respectively) is higher than in other regions. The CCC of North and Northeast China is low, less a) The table results were calculated using the scheme 1. The ecological zone and forest distribution data were both from the Chinese Vegetation Zone map and Vegetation Atlas of China [36, 37] . 
100.0
a) The table results are from the scheme 1. b) For Beijing and Tianjin, the interpolated results of carbon density of mature forests may be too conservative, because no mature forest dataset is available for these areas. c) We provided an approximate value of forest CSP due to no forest carbon stock data available for Hong Kong, Macau and Taiwan. (Table 4) . For CSP at a regional scale, East, Central and Southwest China have higher CSP than the other five regions, with values of 3.227, 2.891 and 2.858 Pg C, and accounting for 23.3%, 20.9% and 20.6% of the total, respectively. At a provincial scale, Fujian, Hunan and Guangxi have higher CSP than the other provinces, with values of about 1.769, 1.434 and 1.118 Pg C, and accounting for 12.8%, 10.3% and 8.1% of the total, respectively.
Discussion
Climate control on the horizontal patterns of carbon density of mature forests
The mature forests in China followed obvious horizontal patterns by forest types and carbon density. Along an increasing latitude, the forest types transit from tropical monsoon forests to subtropical evergreen forests, warm temperate deciduous broadleaf forests, temperate needleleaf and broadleaf mix forests and cold temperate needleleaf forests. As longitude declines from east to west, forests change to forest-steppe [41] . The carbon density of mature forests declines from mid-low latitudes (20-30°N) to high latitudes (50°N), which is in accordance with the latitudinal pattern at a global scale [26] . The difference is that the carbon density of mature forests in China does not appear relatively low value in the regions near 20°N and does not show high value in regions near 40°N.
The horizontal patterns of carbon density are closely regulated by mean annual temperature and mean annual precipitation. Our work showed significantly positive relationships (P<0.01) between carbon density and mean annual temperature and mean annual precipitation, which agrees with the previous findings at continental [42] and global scales [26] . Due to the similar patterns of temperature and precipitation in China, the amount of variance of carbon density of mature forests explained by temperature and precipitation together is close to the amount explained by temperature and precipitation separately.
Climate controlled elevational patterns of carbon density of mature forests
The elevational patterns of mature forests match their horizontal patterns [43] in forest type and carbon density. From low to high altitudes, the forest types change from monsoon forests to evergreen forests, deciduous broadleaf forests and needleleaf forests. The carbon density of mature forests on the four mountains showed three different elevational patterns: declining, declining-increasing and increasingdeclining. These elevational patterns all can be explained by climate limitation (Figure 7) .
Temperature is the major control factor on carbon density of mature forests on Changbai Mountain and Wuyi Mountain. First, carbon density of mature forests decreases along rising elevation with a similar pattern for the two mountains. The pattern is in accord with the temperature gradient along rising elevation. Second, precipitation is abundant and increases along increasing altitude on both Changbai and Wuyi mountains. One noteworthy point is that although temperature and precipitation of Wuyi are significantly higher than that of Changbai, the carbon density is close in areas with similar altitude for the two mountains, which underlines the remarkable efficiency difference between the two regions in terms of using energy and precipitation to sequestrate carbon.
Temperature and precipitation are major factors controlling the carbon density of mature forests on Hengduan Mountain. On one hand, the carbon density increases first and then decreases along rising elevation, which is caused by decreased temperature and initially stable precipitation, then decreased precipitation along increasing elevation. The carbon density increases along rising altitude in areas lower than 3800 m, but decreases along rising altitude in areas above that. In areas lower than 3800 m, the carbon density is limited by precipitation availability. Along rising altitude, stable precipitation and decreased temperature together lead to increased available water for forests, and consequently increased carbon density. In areas over 3800 m, temperature decreases to 5°C and even lower, and precipitation is less than 500 mm. As a result, forest growth tends to be limited by temperature or precipitation. On the other hand, great carbon density variance was identified for areas with similar altitudes. Hengduan Mountain barriers the pass of prevailing winds from Indian Ocean, which leads to more precipitation along rising elevation on the western slopes, and creates wetter conditions suitable for forest growth, but drier conditions on the eastern slopes [44, 45] . The different climates between windward and leeward slopes cause high variances of carbon density at similar elevations.
Precipitation is the major factor controlling carbon density of mature forests on Tianshan Mountain. The carbon density of all the mature forests increases along rising elevation in areas below 2000 m, except on two sites located in Yili region. This pattern reflects an increased precipitation along rising elevation. Due to the non-availability of mature forests over 2500 m in our study, the declining trend of the carbon density of mature forests along increased elevation cannot be reflected, but we can image the declining trend because of temperature limitation.
Carbon sequestration potential and its uncertainty
The carbon density of Chinese forests increases as increasing forest ages, which means the forests have the potential to uptake carbon regardless of development stages and forest types (natural or planted forests). Maintaining the current forest area and taking the carbon density of mature forests as the reference level, we conservatively estimated the total CCC and CSP of Chinese forest biomass to be 19.87 and 13.86 Pg C, respectively. These values are significantly higher than the results that use carbon density of pre-to-over mature forests from National Forest Resources Inventory as the reference level of CCC, which also used the space-for-time method and estimated the CSP at 4.27 Pg C [46] . One reason causing the discrepancy is that we take carbon density of mature forests of 80 years or older as the reference level of CCC. This stand age is older than the pre-mature stages of most forest species in China [7, 47] .
The estimated CSP in Chinese forests still involves much uncertainty. Besides the above-mentioned reference level uncertainty, forest area, climate and human activity also can significantly affect our estimation of forest CSP. First, choosing a suitable reference level of CCC is critical. In this study, we chose the carbon density of mature forests as the reference level, and determined 80 years as the age threshold of mature forests at a country scale. In fact, the growth rates are different among biomes, and the age thresholds of mature forests should vary with biome types. Therefore, an improved approach is to determine a specific age threshold for each biome. Secondly, different definitions on forest will affect the calculated forest area, which results in uncertainty in estimating CCC of forest. For example, in scheme 1 and 2, the forest distribution data were based on Vegetation Atlas of China generated in the 1990s [37] and Global Land Cover 2000 generated in the 2000s, respectively. In addition to the data generation period, different definitions on forests can also lead to the discrepancy of forest area between the two datasets. Although both the Vegetation Atlas of China and Global Land Cover 2000 were interpreted from remote sensing data, the forest as defined in the former is the land growing trees and bamboos, excluding shrubland and non-timber forests, while the forests as defined in the latter include not only closed forests, but also open and burnt forests. Due to the difference of forest definition, the discrepancy of the estimated total CCC between the scheme 1 and the scheme 2 is 8.4 Pg C.
Thirdly, climate change can also cause uncertainty in assessing forest CSP. Climate change would infect spatial pattern of tree species [48] and CCC of forests [21, 49] . Estimating forest CSP under the past climate data would lead to some uncertainties. For example, the scheme 2 is based on Chinese Climate, and the scheme 3 is based on global climate. The estimated carbon carry capacity from the scheme 3 is higher than that from the scheme 2. The precipitation from Global Climate is higher than that from Chinese Climate, and the positive relationship between precipitation and carbon density implies more precipitation leads to higher carbon density in Chinese forests.
In addition, human activities also lead to uncertainty in assessing forest CSP. In China, human activities result in a wide carbon density difference among forest types. For example, in the eighth National Forest Resources Inventory [6] , forests not only include woodland, but also bamboo (6.2 Mhm 2 ), non-timber forests (20.6 Mhm 2 ) and shrubland (37.6 Mhm 2 ). The latter three forest types cannot develop naturally to a climax status under the current forest management. Under different scenarios of human activities (i.e., afforestation, harvesting, management of non-timber forests), the carbon density also has notable difference for the same forest type. In addition, our results showed that subtropical forests have higher CSP than other biomes, but they are mainly fast-growing trees and have low residence time under the existing forest management [50] . Consequently, to achieve the CSP, we need to improve the modality of forest management and enhance the carbon stock capacity in Chinese forests.
Conclusion
The relationships between carbon density of mature forests and temperature, precipitation and stand age are positive in China. The latitudinal and elevational patterns of the carbon density can be explained by the patterns of temperature and precipitation. We used carbon density of mature forests as the reference level of CCC, the forest biomass in China conservatively have a total CCC of 19.87 Pg C, and have CSP of 13.86 Pg C. Among the ecological zones in China, the subtropical forests have the highest total CCC and CSP.
